We study the distribution of central velocity dispersion, σ, for >100000 galaxies in the SDSS at 0.01 z 0.1. We construct the velocity dispersion function (VDF) from samples complete for all σ, where galaxies with σ greater than the σ-completeness limit of the SDSS spectroscopic survey are included. We compare two different σ estimates; one based on SDSS spectroscopy (σ spec ) and another on photometric estimates (σ mod ). The σ spec for our sample is systematically higher than σ mod for all ranges of σ, implying that rotational velocity may affect σ spec measurements. The VDFs measured from these quantities are remarkably similar for lower σ values, but the σ mod VDF falls faster than the σ spec VDF at log σ 2.35. Very few galaxies are observed to have σ 350 km s −1 . Despite differences in sample selection and methods, our VDFs are in close agreement with previous determinations for the local universe, and our results confirm that complete sampling is necessary to accurately discern the shape of the VDF at all ranges. We also find that both late and early type galaxies have σ spec >σ mod , suggesting that the rotation component of most galaxies figure significantly into σ spec measurements. Early-type galaxies dominate the population of high σ galaxies, while late-type galaxies dominate the low σ statistic. Our results warrant a more thorough and cautious approach in using long-slit spectroscopy to derive the statistics of local galaxies. Higher quality photometric measurements will enable more accurate and less uncertain measurements of the σ mod VDF, as described here. A followup paper uses the final samples from this work in conjunction with the M BH -σ relation to derive the z 0.1 black hole mass function (BHMF).
1. INTRODUCTION Supermassive black holes (SMBH) exist at the centers of most, if not all, massive galaxies (Richstone et al. 1998; Ferrarese and Ford 2005; Kormendy and Ho 2013) . The mass of a central black hole is known to correlate well with fundamental properties of a galaxy, including bulge mass (Kormendy and Richstone 1995; Marconi and Hunt 2003) , bulge luminosity (Magorrian et al. 1998; , and stellar velocity dispersion (Ferrarese and Merritt 2000; Gebhardt et al. 2000; McConnell and Ma 2013) . The tightness of these correlations have led many to postulate that the growth of galaxies is intrinsically connected to the growth of their SMBHs. Consequently, understanding the effect of SMBHs is of vital importance to any successful theoretical or semi-analytical model of galaxy formation and evolution (Shankar et al. 2009 (Shankar et al. , 2013 Heckman and Best 2014; Aversa et al. 2015) .
Statistical studies of galaxies can be used as robust probes into galaxy evolution. Distribution functions have been used to describe the universe's galaxy populations in terms of fundamental galaxy properties such as luminosity (e.g., Blanton et al. 2001; Bernardi et al. 2003; McNaught-Roberts et al. 2014) , stellar mass (e.g., Pérez-González et al. 2008; Kelvin et al. 2014; Weigel et al. 2016) , and velocity dispersion (e.g., Sheth et al. 2003; Bernardi et al. 2010; Sohn et al. 017a ), helping us characterize the population of galaxies in both the local universe (Choi et al. 2007; Baldry et al. 2012 ) and at high redshifts (Marchesini et al. 2007; Pozzetti et al. 2010) . Distribution functions have also been extremely helpful in describing the population of SMBHs via the black hole mass function (BHMF; e.g., Salucci et al. 1999; Yu and Tremaine 2002; Li et al. 2011) . In a subsequent paper, we will use the velocity dispersion distribution function we derive here to estimate a new local BHMF.
A crucial link between simulations and observations is the dark matter halo mass distribution function. While both the luminosity function (LF) and stellar mass function (SMF) of galaxies have been used to trace dark matter halos (Yang et al. 2008 (Yang et al. , 2013 , connecting the LF to DM halo mass is non-trivial and the SMF has shown little dependence on galaxy characteristics such as morphology, color, and redshift (Calvi et al. 2012 (Calvi et al. , 2013 . Thus, neither the LF nor the SMF may be very strong tracers of properties of the DM halo. The central stellar velocity dispersion (velocity dispersion, or σ, hereafter), on the other hand, is a dynamical measurement which reflects the stellar kinematics governed by the central gravitational potential well of a galaxy, and does not suffer from photometric biases or systematic uncertainties in modeling stellar evolution (Conroy et al. 2009; Bernardi et al. 2013) . The central velocity dispersion has been observed to be strongly correlated with DM halo mass, leading some to conclude that it may be the best observable parameter connecting galaxies to their DM halo mass (Wake et al. 2012; Zahid et al. 2016) .
Large-scale surveys of galaxies such as the Sloan Digital Sky Survey (SDSS; York et al. 2000; Stoughton et al. 2002; Alam et al. 2015; Abolfathi et al. 2018 ) have probed galaxy populations in great detail, across cosmic time.
As a result, statistical analyses have been performed on these large datasets to establish global distributions of galaxies in terms of observables. In particular, SDSS galaxies have been used in deriving the velocity dispersion function (VDF) of galaxies in the field population (Sheth et al. 2003; Mitchell et al. 2005; Choi et al. 2007; Sohn et al. 017a) and the cluster population (Munari et al. 2016; Sohn et al. 017b) .
Deriving meaningful statistical information from the VDF requires a sample that is complete and unbiased. Volume-limited samples are incomplete below a certain magnitude limit, so distribution functions derived from such samples may be biased by selection effects (Pérez-González et al. 2008; Weigel et al. 2016; Zahid et al. 2016) . SMFs have been derived from samples complete in stellar mass, M , where the M completeness limit was parametrized as a function of redshift (e.g, Fontana et al. 2006; Marchesini et al. 2009; Pozzetti et al. 2010; Weigel et al. 2016) . Recently, Sohn et al. (017a) outlined an approach to empirically determine a redshift-dependent σ-completeness limit in order to derive a σ-complete sample for a robust measurement of the VDF from local quiescent SDSS galaxies. Here, we follow their approach to generate a σ-complete sample from ∼ 360000 SDSS galaxies -both star-forming and quiescent -at z 0.1.
Spectroscopic measurements through a fixed aperture are not reliable estimates for the true velocity dispersion of a galaxy due to contamination from galactic rotation (Taylor et al. 2010; Bezanson et al. 2011; van Uitert et al. 2013) . Reported σ values may include both the true σ and an additional contribution from the rotational velocity, which is worse if the galaxy is more rotation dominated, the aperture extends further into the galaxy, or the galaxy is more inclined. This inherent bias in the velocity dispersion measurements may lead to inaccuracies in the derived VDF. Thus, in this paper, we also use velocity dispersions estimated by the approach of Bezanson et al. (2011) to infer the true velocity dispersion based on the virial theorem and photometric estimates. Comparison of the VDF generated from this method is important to characterize the systematic uncertainties still present in two of our best ways of experimentally determining the velocity dispersion for nearby galaxies.
We use our σ-complete sample to construct a VDF for 100000 local galaxies at 0.01 z 0.1 from the SDSS, extending Sohn et. al. (017a) 's analysis for local quiescent galaxies. In a follow-up paper, we use a similar 1/V max methodology to determine the black hole mass function from our σ-complete sample (Hasan & Crocker, in prep) . This paper is organized as follows: In Section 2, we present the data used in this work, including spectroscopic and photometric data from SDSS and morphological galaxy classifications from the Galaxy Zoo project (Lintott et al. 2008 (Lintott et al. , 2011 . Here, we also derive two different estimates of velocity dispersion. We account for selection effects by constructing a σ-complete sample from z 0.1 galaxies in the SDSS in Section 3. We derive the VDF for the two different velocity dispersion estimates in Section 4 -for our complete sample and for early and late type galaxies separately -and compare these results with past works. Our conclusions are presented in Section 5. Throughout this paper, we assume a standard Λ-CDM cosmology with H 0 = 70 km s
2. DATA In order to construct a VDF of local galaxies, we use velocity dispersion measurements from SDSS spectroscopy, as well as photometric data. SDSS, which began routine operations from 2000 (York et al. 2000; Stoughton et al. 2002; Strauss et al. 2002) , has collected spectra of over a million galaxies and 100000 quasars, and imaged about a third of the sky (∼ 14000 square degrees) (Abazajian et al. 2009; Aihara et al. 2011; Alam et al. 2015; Abolfathi et al. 2018 ).
Photometric data
We use the SDSS main galaxy sample (Strauss et al. 2002) , which is a magnitude-limited sample with r-band Petrosian (1976) magnitude, r p < 17.77 mags, limited to z 0.3. The main galaxy sample is taken from SDSS Data Release 12 (Alam et al. 2015) . We restrict our sample of local galaxies to z 0.1, which brings our sample size from ∼ 950000 to ∼ 360000. Unlike Sohn et. al. (017a) , we make no cuts based on D n 4000 index to separate quiescent galaxies from star-forming ones. To correct for redshifting of light relative to our rest-frame, we apply K-corrections (Oke and Sandage 1968) to the r-band magnitudes. We use the z = 0 K-correction from the NYU Value Added Galaxy Catalog (Blanton et al. 2005) . Hereafter, the K-corrected absolute r-band magnitude is referred to as M r .
2.2. Velocity Dispersions SDSS selects ∼ 99.9% of r p < 17.77 objects from its images as spectroscopic targets. SDSS spectroscopy is ∼ 95% complete, and produces spectra which cover the wavelength range of 3500 − 9000Å with a resolution of R ∼ 1500 at 5000Å (Strauss et al. 2002) . In particular, we adopt velocity dispersion measurements from the Portsmouth Group (Thomas et al. 2013) , which are accessible as publicly available value added catalogs 1 . The Portsmouth templates are capped at σ = 420 km s −1 , so that is the upper limit of reliable measurements for our sample. Furthermore, measurements where σ 70 km s −1 have low signal-to-noise (S/N) ratio, so they are unreliable too. The σ measurements from the Portsmouth group all have S/N>10 and the median uncertainty is 7 km s −1 . The SDSS velocity dispersions are based on spectra obtained from a 1.5 fiber. These dispersions are afterwards corrected to an aperture of R e /8 (R e = r-band effective radius) by adopting the calibration of Cappellari et al. (2006) :
where R SDSS = 1.5 is the SDSS aperture radius and σ e is the velocity dispersion measured within a radius R e /8 from the center. The aperture corrections are small enough that they do not have a major impact on our results, and our qualitative conclusions don't change if we adopt a slightly different radial dependence. Hereafter, we refer to these σ e as σ spec . The velocity dispersion estimate for many emission line galaxies are likely compromised by rotation, in which case the reported σ values are overestimated. Hence, the presence of rotation in most galaxies introduces biases in a VDF measured from σ spec . To account for this issue, we infer another estimate of σ based on the virial theorem and photometric estimates of mass and size (R e ). In particular, we follow Taylor et al. (2010) to determine a modeled σ, σ mod , for each galaxy:
where M is the stellar mass, n the Sérsic index, and K v (n) a correction term accounting for the effects of structure on stellar dynamics, approximated by (Bertin et al. 2002) :
73.32 10.465 + (n − 0.94) 2 + 0.954.
For this analysis, we obtained M estimates from the MPA-JHU DR8 catalogues (Kauffmann et al. 2003; Brinchmann et al. 2004 ) and n and R e estimates from the NYU VAGC. The effective radii are based on fits to azimuthally averaged light profiles and are equivalent to circularized effective radii.
We compare the spectroscopically derived σ spec to the photometrically inferred σ mod in Fig. 1 . We find that the galaxies in our sample have systematically higher σ spec than σ mod for the entire range of velocity dispersions (log σ ∼ 1.9 − 2.6). In particular, we observe, like Bezanson et al. (2011) and van Uitert et al. (2013), that σ mod is in general lower than σ spec for the low end (σ mod 2). The overestimate of σ spec relative to σ mod is exactly what is expected for rotation-dominated galaxies which are more plentiful at lower velocity dispersions. Being noisy below σ 70 km s −1 , SDSS measurements don't report many galaxies with log σ 1.9. Seeing that a larger proportion of galaxies have log σ mod 2 than log σ spec 2, σ spec may be giving us artificially high velocity dispersions for many galaxies. This leads to an incorrect representation of their true velocity dispersions.
While the modeling adds a layer of complication to an otherwise directly measured quantity, we consider it a valuable complementary method of obtaining a velocity dispersion estimate. Going forward, we construct VDFs based on both these σ estimates in section 4.1.
Galaxy Zoo
Galaxy Zoo is a web-based project in which the public is invited to visually classify galaxies from the SDSS by the two primary morphological types: spirals (late-types) and ellipticals and lenticulars (early-types) (Lintott et al. 2008) . The classifications of the general public agree with those of professional astronomers to an accuracy higher than 10 percent, and hundreds of thousands of systems are reliably classified by morphology at more than > 5σ confidence. A fundamental advantage of Galaxy Zoo is that it obtains morphological information by direct visual comparison instead of proxies such as color, concentration index or other structural parameters. Using these as proxies for morphology may introduce various systematic biases, leading to unreliable classifications and the need for more direct and robust means (Lintott et al. 2008; Bamford et al. 2009 ).
Each individual user assigns a vote for either spiral (late-type) or elliptical (early-type) for each galaxy. The fraction of the vote for each type for all objects is weighted as described in Lintott et al. (2008) and then debiased in a consistent fashion (though Bamford et al. (2009) outlines complications with the debiasing). Finally, a vote fraction of 80% ensures an object is classified with certainty as either early or late type (the rest being classified "uncertain"). Thus, we only selected objects with either spiral (∼ 15800 galaxies) or elliptical (∼ 15400 galaxies) flags.
SELECTION EFFECTS: COMPLETENESS OF
THE SAMPLE A statistically complete sample is necessary to measure the statistical distribution of any galaxy property. A magnitude-limited sample such as the SDSS spectroscopic sample can easily be made volume-limited by choosing an appropriate absolute magnitude limit for each redshift z, such that within the entire volume all galaxies brighter than this magnitude limit should be detected. However, this volume-limited sample is only complete for a range in absolute magnitude, M r , not for a range in velocity dispersions (Sohn et al. 017a; Zahid and Geller 2017) . Sohn et. al. (their Figure 1) show how there is substantial scatter in σ for a fixed M r . Similarly, we find that for example, at M r = −20.36, σ spec varies from ∼50 km s −1 to ∼315 km s −1 . Converting the absolute magnitude limit for a volume-limited sample,M r,lim , to a limit at which σ is complete is therefore not a trivial exercise (Sheth et al. 2003; Sohn et al. 017a ).
Because of this broad distribution in σ spec and σ mod for any M r , there are many low σ galaxies which make it to the sample by virtue of being bright enough, while some galaxies boasting high σ are excluded for being less luminous. Completeness analysis helps us ensure that our sample isnt preferentially selecting, say just the brightest galaxies. The goal in this section is to obtain the limit at which σ is (∼ 95%) complete for any given volume (parametrized by redshift), for both the σ spec and σ mod samples.
3.1. Constructing σ-complete samples In order to generate a σ-complete sample, we need to parametrize σ lim , the limit at which the sample is complete for σ > σ lim , as a function of redshift z. We take an empirical approach in doing this, which closely follows the methodology of Sohn et. al. (017a) . First, we divide the volume-limited sample of 0.01 z 0.1 into 40 volume-limited subsamples, each containing a volume with maximum redshift increased by z = 0.0025, starting from z = 0.01, and ending at z = 0.1. For each subsample, we derive the 95 th percentile distribution of σ for galaxies with M r M r,lim to obtain σ lim , the σ-completeness limit at the maximum redshift (z max ) of the subsample. We repeat this process so that σ lim is found for z max ranging from 0.01 to 0.1. For both the σ spec and σ mod samples, we fit the distribution of σ lim against z to a 2 nd order polynomial. The polynomial fits we obtain are: log σ spec,lim (z) = 1.68 + 9.10z − 42.83z The σ-completeness limit is plotted as function of redshift in Fig. 2 , for our σ spec and σ mod samples, as well as that of Sohn et. al. (017a) , whose fit was also a 2 nd order polynomial, but in the redshift range 0.03 z 0.1. As expected, we find that σ lim increases as z max increases. We only include galaxies with σ spec > σ spec,lim in the final σ spec sample and those with σ mod > σ mod,lim in the final σ mod sample.
The final σ spec sample consists of ∼ 118000 galaxies and the final σ mod sample contains ∼ 105000 galaxies in the redshift range 0.01 z 0.1. These are both ∼ 2.5 times larger than Sohn et. al.'s sample, in which only quiescent galaxies were selected by the D n 4000 index. About 83000 galaxies were found in both samples. When comparing the properties of our σ-complete samples with those of the magnitude-limited samples, we find that galaxies in the σ-complete samples are brighter and have less uncertain σ measurements. The σ values are also larger in general -the mean σ spec and σ mod increases from ∼ 100 km s −1 to ∼ 165 km s −1 and ∼ 75 km s −1 to ∼ 160 km s −1 , respectively, as we go from magnitude-limited samples to σ-complete samples. The σ-complete samples eliminate many of the low σ galaxies which were present in the magnitude-limited sample, causing the mean σ to go up.
THE VELOCITY DISPERSION FUNCTION
The VDF is defined as the number density of galaxies with a given σ per unit logarithmic σ. There are a few ways to compute the VDF, including the 1/V max method (Schmidt 1968) , the parametric maximum likelihood STY method (Efstathiou et al. 1988) , and the non-parametric stepwise maximum likelihood (SWML) method (Sandage et al. 1979) . Several studies, including Weigel et al. (2016) review these methods and the distribution functions resulting from them. We choose the 1/V max method for our computation due to its simplicity and because we do not have to initially assume a functional form of the VDF. One drawback of this method is that it may produce biased results if there are inhomogeneities on large scales. The 1/V max and SWML methods have been shown to produce equivalent results (Weigel et al. 2016; Sohn et al. 017a ).
Constructing the VDF
The 1/V max method takes into account the relative contribution to the VDF of each galaxy with dispersion σ, by volume-weighting the velocity dispersions. Each object is weighed by the maximum volume it could be detected in, given the redshift range and the σ-completeness of the sample. This corrects for the wellknown Malmquist bias (Malmquist 1925) .
To generate our VDFs for both of our final samples, we first divide velocity dispersions in equal bins of width ∆ log σ = 0.02, ranging from log σ = 1.8 km s −1 to log σ = 2.7 km s −1 . Then, the number density of galaxies in a specific σ bin j is given by the following sum:
where N bin is the number of galaxies in the bin and 1/V max is the maximum volume at which a galaxy i with velocity dispersion σ i could be detected in. In a flat uni-verse, the comoving volume, 1/V max , is given by (Hogg 1999) :
For all galaxies, z min,i = 0.03, since that is the lower redshift limit of our sample. Ω sky = 41253 deg 2 is the solid angle of the sky and Ω survey = 9200 deg 2 is the solid angle covered by SDSS. For z max,i , we take the maximum redshift galaxy i could have, based on σ i and the parametrized completeness limits from above ( Fig. 2 and  eqs. 4 and 5) .
The VDF, Φ(σ), was calculated from eq. 6, for both σ spec and σ mod . The uncertainties on the VDF were estimated by a Monte Carlo method. We ran 10000 simulations of the VDF calculation, each time randomly modifying σ values with the associated uncertainties, ∆σ, assuming a gaussian error distribution. For σ mod , we propagated the errors on uncertainties in M , R e , and n. The resulting VDF, and associated uncertainties, are tabulated in Table 1 . Fig. 3 shows the VDFs estimated from our σ-complete σ spec and σ mod samples. The VDFs are fairly reliable for ∼ 1.9 log σ 2.6. There are very few objects with log σ 2.6, resulting in uncertain VDF measurements for those bins. The shape of the VDFs are very similar throughout the range of velocity dispersions studied. Both VDFs decline slowly (toward higher σ) at low and medium σ values (log σ 2.3), followed by an exponential fall-off at log σ 2.3. The σ mod VDF falls more rapidly than the σ spec VDF at log σ 2.35, causing it to shift to the left relative to the σ spec VDF. At higher velocity dispersions (i.e. higher masses), we expect galaxies to be less rotation-dominated, which is in tension with our σ mod VDF being lower than the σ spec VDF at log σ 2.5. If anything, we would expect the σ mod VDF to be lower than σ spec at the lowest σs, or perhaps a systematic divergence between these throughout the σ range studied. So we speculate that the calculated σ mod VDF may be dubious, especially at higher σ.
We refrain from making claims about the "true" VDF and which tracer -σ spec or σ mod -does a better job of measuring it. Nevertheless, the σ mod VDF is a valuable tool to interpret σ spec measurements, as well as the statistics based on SDSS spectroscopy. We note here that the apparent discontinuity just below log σ ∼ 2.2 observed in both the VDFs is likely not due to a real, physical phenomenon, but rather an artifact of our data analysis, and does not affect our main conclusions.
Schechter function
The LF, SMF, VDF and other distribution functions of galaxies are often described by a Schechter (1976) function. Schechter's original function to approximate the observed LF, Φ(L), exhibits a power-law behavior at lower values of L, followed by an exponential cutoff at a characteristic L . We adopt a similar expression for our VDF, Φ(σ), but find that adding an additional parameter, β, gives a better approximation to the data. Thus, following the functional form of the BHMF from Aller and Richstone (2002) Figure 3 . VDFs for our σ-complete samples, based on σspec -purple diamonds -and σ mod -blue circles. The purple dashed curve shows the 4-parameter best-fit Schechter function (eq. 8) for our σspec VDF, while the blue dashed curve is the best-fit function for our σ mod VDF. The pink and light blue shaded regions represent the 68% confidence intervals for the σspec and σ mod fits, respectively.
where the characteristic truncation value of σ is σ and Φ(σ ) = Φ . The slope of the power law is α + 1 (α = −1 corresponds to a flat distribution at σ < σ ). The σ spec and σ mod VDFs are both parametrized with the form of eq. 8. The parameters of these fits are given in Table 4 .2. The uncertainties on the parameters were derived by using the same Monte-Carlo simulations by which uncertainties on the VDF were found (assuming gaussian error distributions again).
Comparison with literature
The differences in the shape of the derived VDF for low σ, and in the characteristic σ at which the VDF truncates, were attributed by Choi et. al. (2007) to differences in sample selection. For example , Sheth et. al.'s (2003) sample of only early-type galaxies, was not complete in σ, and their resulting VDF declined noticeably for log σ 2.2 km s −1 . Comparison between previous determinations of the VDF illuminate the fact that astute sample selection is critical in determining the VDF (Choi et al. 2007 ).
In Fig. 4 , we compare our VDFs derived from the σ-complete sample with previous determinations. Of these, the Bernardi et. al. (2010) and Sohn et. al. VDFs were determined directly from spectroscopic measurements of σ from SDSS galaxies. Chae (2010) used a combination of Monte Carlo-realized SDSS early-type and late-type VDF to estimate the total VDF. Of the VDFs shown, the Sheth et. al. (2003) VDF is an early-type VDF only. Furthermore, Sohn et. al.'s sample selection criteria essentially limited their sample to early-type galaxies since the 4000Å break strength is strongly correlated with stellar population age, and by extension, galaxy type (Kauffmann et al. 2003; Zahid et al. 2016) . Table 1 The σspec VDF and σ mod VDF with associated upper and lower limit uncertainties Note. - Table 1 will be published in its entirety in machine-readable format when we submit to the Astronomical or Astrophysical Journal Table 2 Best-fit parameters for modified Schechter function (eq. 8) fits to VDFs for our σspec and σ mod sample The shapes of both of our VDFs are very similar to those of Sohn et. al., Bernardi et. al. and Chae et. al ., despite differences in methods and sample selection. The Sohn et. al. sample is complete in σ like ours and is a reliable estimate of the quiescent population VDF. Their VDF flattens somewhat at log σ < 2.1, whereas both of ours exhibit a slow upturn towards lower σs. The Bernardi et. al. VDF, which has a similar shape to ours (albeit predicts much higher number densities), drew from a sample which was magnitude-limited after correction for incompleteness. They used 1/V max like us, in contrast to Sohn et. al. (who used the SWML method, but found nearly equivalent results with 1/V max ). Chae, on the other hand, converted the LFs of early-type and late-type galaxies (from a magnitude-limited sample) to VDFs separately and added a correction term for high σ galaxies.
It is certainly interesting that the VDF from an inferred quantity -σ mod -reproduces results obtained from direct measurements of the velocity dispersion across the literature. The approximate match between our σ mod VDF and σ spec VDFs from a variety of sample selection methods is a promising sign for better uncovering the true velocity dispersion statistics for large samples of galaxies. Bezanson et al. (2011) derived the total VDF for 0.3 < z 1.5 based on σ mod (eq. 2) and found that the VDF flattens toward lower σs with decreasing redshift, and that the number of galaxies at the highest σ bins (log σ 2.5) change little. We find that their 0.3 < z 0.6 σ mod VDF is similar to ours, possibly implying little evolution from z ∼ 0 to z ∼ 0.3. In any case, the agreement of our σ mod VDF with our σ spec VDF as well as those in the literature, compels a more thorough assessment of the differences in σ estimates from spectroscopic and photometric measurements, especially so that the effect of galactic rotation is taken into account in correcting the observed σ spec and obtaining the "true" estimate of central velocity dispersion.
Early and late types
Using Galaxy Zoo's classification of ∼ 32000 objects as either early or late type galaxies, we repeated the above analysis for both subsets separately, based on both σ spec and σ mod . Early type galaxies, comprising of ellipticals and lenticulars, tend to be the most massive galaxies in the universe. These are populated by older, redder stars and due to a lack of cold gas reservoirs, have low star formation activity (Jura 1977; Crocker et al. 2011 ). In con- trast, spirals, or late type galaxies, tend to be less massive, bluer and populated mostly by younger stars. They have been shown to exhibit much higher rates of star formation than early type systems (Young et al. 1996; Seigar 2017) . While no type-dependent separation of the VDF based on modeled velocity dispersions can be found in the literature yet, many studies have examined the distribution of early and late types based on the spectroscopic σ. Bernardi et. al. (2010) , for example, derived the VDF of low redshift SDSS galaxies (based on σ spec ) and found that the VDF obtained from E+S0s (early-types) declined toward low σ, but the addition of spirals like Sas increased the number density at those ranges. In a Early-types Late-types Figure 6 . VDF for early-type galaxies (left) and late-types galaxies (right). Left: red = σspec VDF, orange = σ mod VDF. Right: purple = σspec VDF, blue = σ mod VDF. similar way , Weigel et. al. (2016) observed a declining SMF for lower masses for local early-types in the SDSS, while the late-type SMF showed an increasing SMF for lower masses. Fig. 5 compares the σ spec and σ mod , as in Fig. 1 , for both galaxy types. While it would be expected that spirals in general have σ spec >σ mod , we see the same is true for early-types in our sample. In fact, the early-type σ spec values seems to be higher than σ mod , compared to late-types. For the late-types, we find that σ mod predicts much lower σ values than σ spec for the lowest velocity dispersions (log σ 2). The offset in both plots suggests that σ spec may need to be corrected for rotation in not just late-type galaxies, but early-types too. Blanton and Moustakas (2009) note that lenticulars (S0) are mostly fast rotators, and that even most giant ellipticals may rotate appreciably.
As Fig. 6 shows, the VDFs from our early-type and late-types galaxies do differ. As expected, late-type galaxies have a high fraction of low σ galaxies and contribute the most to the low-σ distribution, while earlytype galaxies dominate the high-σ distribution. Here, we observe a flattening of the early-type VDF toward low σ mod , and a slight rise in the late-type VDF for log σ mod 2.15. Both the σ spec VDFs seem to flatten at the lowest σs. For the early-types, we see that the σ spec VDFs overestimate the σ mod VDFs at log σ 2.4, akin to the VDFs for our full samples in Fig. 3 , but the converse is true for the late-types. Interestingly enough, it appears that the early-type VDFs could be approximated by a double Schechter function. However, we restrain ourselves from arriving at major conclusions from the early and late type sample alone, as they represent only about a third of our final samples and could therefore be biased in some form.
CONCLUSION
We measure the VDF of galaxies from the SDSS at 0.01 z 0.1, using two different estimates of velocity dispersion: the directly measured σ spec , and the photometrically inferred σ mod . We observe systematically higher σ spec relative to σ mod in these galaxies, possibly due to SDSS spectroscopy being unable to separate the rotation component from the "true" velocity dispersion. We construct σ-complete samples following the approach of Sohn et. al. (017a) , by selecting every galaxy with σ > σ lim (z), the σ-completeness limit as a function of redshift for an originally magnitude-limited sample at r p < 17.77. Our final σ spec and σ mod samples consist of over 100000 galaxies each and is complete for all log σ spec 1.8 and log σ mod 1.6, respectively. These represent the largest samples ever used in measureing the z 0.1 VDF.
Our measured VDFs decline slowly toward higher σ at low σ, followed by an exponential decline at high σ. The most uncertain number densities are observed for the highest σ bins, since there are very few galaxies with log σ 2.6 km s −1 . The VDFs derived from σ spec and σ mod agree very well, especially at log σ 2.3, but the σ mod VDF falls faster than the σ spec VDF at log σ 2.35. This difference may be caused by our σ mod VDF being erroneous at the high σ range, so we caution against immediately drawing conclusions about which tracer is a better descriptor of the true VDF, or about the extent to which the σ spec VDF overestimates the true VDF. However, the fact that our results do show divergences between σ spec and σ mod -hypothetically the same physical property -and their respective VDFs supports the argument that values of σ measured from SDSS long-slit spectroscopy may be biased in some form.
We also use Galaxy Zoo's classification of a fraction of galaxies in our sample as either early-type or late-type, and obtain VDFs for both subsamples separately. We see that σ spec is in general higher than σ mod , especially at log σ 2, for both types, again implying rotational velocity could be contaminating σ spec . Overall, earlytype galaxies dominate the VDF at high σ (log σ 2.4), while late-types dominate the distribution at lower values (log σ 2.1). The σ spec VDF predicts higher number densities at log σ 2.4 for early-types, while the σ mod VDF is higher at that range for the late-types.
A comparison with the local VDFs derived in the literature from direct spectroscopic measurements agree remarkably well with both our σ mod and σ spec VDFs, despite differences in sample selection and methods. Thus, we believe that the literature and our work has narrowed down on the "true" VDF for z 0.1 galaxies. In this work, we've offered new perspectives to correct for the uncertainties that arise in such a measurement.
We would like to stress that there are both advantages and disadvantages of using photometric estimates to measure velocity dispersion and the VDF. Direct studies of the VDF at higher redshifts are challenging because it is difficult to obtain kinematic measurements of thousands of galaxies, while photometric properties like mass and radius are more readily available for larger samples. This enables VDF measurements at higher redshifts using inferred velocity dispersions. However, most measurements of galaxy sizes are from ground-based observations, which suffer from significant uncertainties. Future space-based imaging would surely improve the accuracy of photometric measurements such as galaxy radii and Sérsic indices, leading to more accurate estimates of σ mod .
The VDF may be an important tool in probing the mass distribution of DM halos, and its accurate reproduction by numerical simulations is paramount in tightening our constraints on the evolution of galaxies. Combining VDF estimates from large samples such as the one used here with numerical simulations would therefore be a powerful window to understanding the largescale structure formation and evolution of the universe. A follow-up paper will present the black hole mass function derived from our σ-complete sample, using Van den Bosch (2016)'s scaling of σ to SMBH mass, M BH .
